Objective The main objective of the present study was to estimate the annual treatment costs of invasive cervical cancer (ICC) per patient at an oncology center in Brazil from a societal perspective by considering direct medical, direct nonmedical, and indirect costs.
Introduction
Cervical cancer is the 4 th most common malignancy in the world. 1 Unfortunately, in less developed countries, cervical neoplasia is still the 2 nd most common type of cancer in women. 2 In Brazil, invasive cervical cancer (ICC) is the 3 rd most common cancer in the female population, and, in 2018, there were an estimated 16,370 new cases (15.43 per 100,000 women). Recife, a city located in the northeast region of Brazil, has one of the highest incidences of ICC (20.52 per 100,000 women) in the country. 3 Cervical cancer screening and the treatment of precancerous lesions have successfully reduced the incidence and mortality rates of ICC in many high-income countries, but in low-and middle-income countries, infrastructure weaknesses and financing difficulties for this strategy have limited the control of cervical cancer. 4 In addition, vaccination against the human papillomavirus (HPV), the etiologic agent for ICC, has been available at the Brazilian Public Health System (SUS, in the Portuguese acronym) since 2014. 5, 6 Unfortunately, the benefits of HPV vaccination might not occur for many years.
The rising incidence of cancer in the world was accompanied by a huge economic cost, estimated $ US$ 1.16 trillion in 2010. 7 Costing can take considerable time, and analysts need to judge how accurate cost estimates need to be conducted for a given study. 8 There are many methods for costing patient care, and they can be separated into two main categories: "top-down" and "bottom-up" costing. Top-down costing starts with the total expenditures and then divides these by a measure of total output (e.g., radiotherapy or chemotherapy costing). Bottom-up, or microcosting, consists of identifying and costing the resources used by a specific patient, calculating the frequency of utilization of individual resources, multiplying by the cost of each unit, and then summing to achieve an overall cost. 9 The standard treatment strategy for locally advanced ICC is concomitant chemoradiation. Despite this treatment, many patients will relapse, and some women also have metastatic disease at diagnosis and are treated with palliative chemotherapy. Recently, the addition of a molecular therapy (bevacizumab) to palliative chemotherapy in patients with recurrent, persistent, or metastatic ICC was associated with an improvement of 3.7 months in overall survival. 10 However, two studies demonstrated that adding bevacizumab to chemotherapy would not be cost-effective in the United States if the current drug price and dose were maintained. 11, 12 There are few Brazilian cost studies related to the treatment of cervical cancer, and none using the microcosting methodology. We developed this study in a tertiary hospital in Recife, state of Pernambuco, Brazil, to obtain accurate data to assist decision-makers in public policies. Direct medical costs were collected using two different approaches: top-down and bottom-up.
Methods
First, the top-down approach was used to determine the direct medical costs from the perspective of the payer (in this case, the SUS). These costs were related to the enrolled patients during the study period. Information was extracted from medical records, such as image studies performed (computed tomography [CT] scans, magnetic resonance imaging [MRI], and positron emission tomography [PET]), laboratorial tests performed, length of hospitalization, chemotherapy, and radiotherapy. Hospital and medical bills associated with each patient registry number were retrieved from the Medical Billing Department.
Second, the bottom-up approach was performed to determine the direct medical costs from the perspective of the institution (the perspective of the IMIP). This costing was collected jointly with clinical pathways to reduce missing data. Administrative files were analyzed to obtain cost data for each patient in the study period. All of the medical procedures, medications, and supplies were priced based on the financial control obtained from the purchasing sector at the institution. We calculated the frequency of utilization of each item and multiplied it by the price of the unit. Information on health professional wages in the human resources department, as well as additional hospital expenses, such as the fractions of cleaning, water, and electrical bills, were also covered.
The costs of surgical treatment using the bottom-up method could not be ascertained as a result of institutional policies during the study period.
Furthermore, interviews were conducted with the patients by the investigators to retrieve information about expenses incurred due to medical care before the hospital admission, such as medical appointments, exams, or medications.
Direct nonmedical costs were extracted from questionnaires applied to the patients, which asked about their (and their companion's) two-way transportation costs (from their home to the hospital and back), food costs, and costs of accommodations while waiting for medical procedures or appointments.
Indirect costs were obtained using two different methods. First, the Human Capital approach, as recommended by the Brazilian guidelines, 16 obtained the number of nonworking days caused by ICC and multiplied this result by the per capita income. In parallel, we used the information obtained in the questionnaire regarding informal and formal jobs, social welfare, and wages. We believe this kind of approach could represent the real productivity losses of these subjects, and we can compare this result with that of the Human Capital approach.
The treatment decisions are based on the International Federation of Gynecology and Obstetrics (FIGO) stage 17 and on the Eastern Cooperative Oncology Group (ECOG) Performance Status (PS) scores. 18 Patients in FIGO stage IA or IB1 are referred for a modified radical hysterectomy with pelvic lymphadenectomy. Those in FIGO stage IB2 up to IVA are recommended for primary chemoradiation with weekly cisplatin during radiotherapy. For first-line treatment of metastatic disease, we indicate the use of cisplatin or carboplatin-based chemotherapy, since bevacizumab was not available in the SUS in 2016. Single agent second-and third-line chemotherapies are offered for ECOG PS 0-2 and some PS 3 patients (those who recovered with the best supportive care). Local recurrences are considered for resection. Palliative radiotherapy is offered mainly in cases of hemorrhage, pain, or epidural spinal cord compression. Patients with ECOG PS 4 are referred to palliative care.
The final cost of the present study is presented from a societal perspective. All of the costs were adjusted to the year 2016. The monetary unit used was American Dollars (US$) converted from Brazilian Real (R$) at the exchange rate of US $1 ¼ R$ 3.22. 19 In interest of global comparison, the final cost was also converted to 2016 International Dollars (I$) using purchasing power parities (PPP) from the World Bank consumer prices, converted from R$ at the exchange rate of I $1 ¼ R$1.99. 20 Costs incurred in 2014 and in 2015 were inflated as recommended by the Brazilian guidelines. 16 We have used the General Market Price Index as one of the inflation indexes accepted by the Brazilian Central Bank. [21] [22] [23] [24] Because future costs were not evaluated in the present analysis, we did not apply a discount rate.
Demographic parameters were analyzed with Epi Info version 3.5.3 (Centers for Disease Control and Prevention, Atlanta, GA, USA) and described in terms of means, medians, standard deviations (SDs), and interquartile ranges (IQRs). The total ICC treatment costs were obtained by adding direct medical, direct nonmedical, and indirect costs. Monetary data were processed and analyzed using Microsoft Excel for Mac version 15.30 (Microsoft Corporation, Redmond, WA, USA).
To test the differences in the mean cost between the IMIP and SUS expenses, we used the paired t-test in the STATA software, version 12.1 SE (StataCorp LLC, College Station, TX, USA).
Under the base case assumption, specific scenarios were explored. First, since management and reimbursements are comparable between public institutions in Brazil, and 75% of our population is assisted exclusively by the SUS, 25 we have decided to apply the annual per patient cost results found in the present study to the Brazilian population, based on the incidence data provided by the National Cancer Institute, 3 to estimate ICC treatment costs for Brazil.
The present project was approved by the Ethics Committee at the IMIP (document number 4026-14), and the patients agreed to provide written informed consent.
Results
A total of 140 patients were assessed for eligibility. There were 6 exclusions due to unconfirmed diagnosis, including ovarian cancer (n ¼ 1), endometrial cancer (n ¼ 2), and noninvasive cervical cancer (n ¼ 3), resulting in 134 patients for analysis.
The median age was 49.8 years old, with a range from 20 to 81 years old. Most of the patients (55.2%) reported having up to 3 sexual partners, the mean parity number was 4.5 children per woman, the mean schooling was 5.1 years, and 29.9% of the patients had never been to school. Out of the total sample, 38.1% of the patients were without a partner at the time of diagnosis, 56.0% were not involved in cervical cancer screening programs, and 40.3% lived < 60 km away from the IMIP Hospital. The predominant histological type was squamous cell carcinoma (81.3%), and most of the patients had advanced disease at the time of the diagnosis, with only 7.5% at FIGO Stage I. The median follow-up was of 19.4 months, and, at the time of follow-up, 83 (62%) patients had recurred, and 45 (33.6%) had died as a consequence of ICC. Most of the women were housewives (38.1%) or outside domestic workers (22.4%). The monthly mean family income was US$ 359.80. (►Table 1)
A total of 102 patients required hospital admission (76.1%). The median hospitalization was 7 days (IQR: 3-10), and a total of 10,944 working days were lost due to illness, to treatment, or to death (mean 81.7 AE 76.8). There were 44 surgical procedures performed in 34 patients. Only 6 (13.7%) procedures had curative intent. The most common surgical requirement was abdominal emergencies, and colostomy was necessary in 34.1% of the cases (►Table 2).
A total of 102 (76.1%) were treated with chemotherapy, and 89 (66.4%) required radiotherapy. From a societal perspective, the total cost was US$ 644,461.66. This total represents an annual per patient cost of US$ 2,219.73 (or I$ 3,591.72). If the calculated loss of production based on data provided in the interviews were used instead of the Human Capital approach, the total cost would have been US$ 584,048.99, and it would represent an annual cost of US$ 2,011.65 per patient (►Table 3).
From the perspective of the patients, there were irrelevant direct medical costs, but patients had direct nonmedical outof-pocket expenses, even though these costs represented only 3.5% of the total cost. These costs were related mainly to transportation (US$ 91.71 per patient) and food (US$ 67.44 per patient). Accommodation cost only US$ 8.43 per patient. Considering the perspective of the payer, radiotherapy was the most expensive strategy, responsible for 38.2% of the total cost, followed by outpatient chemotherapy (27.4%). From the perspective of the institution, the largest share of resources was used for hospitalization (41.7%), followed by outpatient chemotherapy (31.3%) and radiotherapy (16.6%). Direct medical costs related to surgical procedures were not counted from the perspective of the institution (►Table 4).
As can be seen in ►Table 5, from the perspective of the institution, the staff wages (health and administrative) were responsible for the largest share of the total cost, representing 58.1% of the total.
A year of ICC treatment for the Brazilian population covered only by the SUS (75% of the total population), considering the base case, would represent an estimated financial burden of US$ 25, 954, 195 .04 to the SUS budget.
Discussion
In our study, we found an annual cost of US$ 2,219.73 (or I$ 3,591.72) per ICC patient from a societal perspective. Applying this annual per patient cost to the estimated incidence of 28 This discrepancy may be due to differences in costing methodologies, differences in time references, or to the great economic disparities between the regions in Brazil and abroad. 29 Radiotherapy expenditures accounted for the largest share of total costs (38.2%), followed by outpatient chemotherapy (27.4%) . The present study did not include the costs of radiotherapy equipment, since they were purchased > 10 years ago. Nowadays in Brazil, there is a deficit of 255 radiotherapy services, and an investment plan is underway to expand access to radiotherapy. 30 About US$ 155 million were invested in the acquisition of new equipment between 2017 and 2018, which, if accounted for, would further increase the share of the cost of this treatment. 31 As new drugs in cancer care are often expensive and are not available through the SUS, many patients turn to the courts to try to receive these new drugs. In 2016, US$ 3,167,701.86 were spent on using the legal process to receive new cancer drugs in Brazil. 32 It is important to determine where the resources to cover the costs of these medications obtained through the courts will come from, and, therefore, authorities in Brazil have been trying to reach an agreement. The present study found that the SUS spent US$ 523,218.22 for treating and following 134 patients with ICC. From the perspective of the IMIP, the total treatment cost created a budget deficit, and bringing this extra cost to all institutions that treat cancer is unlikely to be sustainable.
The economic burden of cancer care is high worldwide, but it is not equally distributed across all nations. Despite the fact that low-and middle-income countries represent 84.5% of the world population and 61.3% of new cancer cases globally, these areas account for only 6.2% of the financial expenditures on cancer. 33 The transferability of the findings of economic studies between different settings is widely discussed, and the results of cost evaluations might vary from place to place due to differences in the severity of the disease, to the availability of health care resources, to clinical practice patterns, and to prices. 34 Whenever possible, each jurisdiction should conduct its own economic studies. 16 The present study has limitations. First, direct nonmedical costs were obtained via interviews, and no proof of expense was requested. However, direct nonmedical costs represented only 3.5% of the total costs, and variations in them would hardly change the final conclusions. Second, the extrapolation of data from one institution to the entire population of the country leads to approximate results. To accurately measure the cost of ICC treatment for the Brazilian population only covered by the SUS, a very precise costing study would need to include all of the institutions that treat cancer in the country in the microcosting approach, which would probably be unfeasible. Nevertheless, considering that treatment strategies and reimbursements are comparable across institutions for the SUS, the cost of ICC treatment would be expected to be similar across these institutions.
Even though our study is subject to underestimation, it reveals the treatment costs of ICC in a poor region of Brazil where there is still a high incidence of advanced cervical cancer. Screening and treatment of precancerous lesions has been insufficient to reduce the ICC incidence to levels found in developed nations, and we hope that vaccination against HPV will succeed.
In an ideal setting, preventive measures would be fully implemented, and patients who nevertheless developed ICC would be treated with the best evidence-based medicine. In a real scenario, where resources are limited and the known preventive measurements are not yet well implemented, great caution should be exercised in diverting resources to expensive palliative treatments.
Conclusion
The present study is a detailed analysis of ICC treatment costs that revealed a high financial burden to the health care system in a poor region of Brazil. We have used a microcosting approach and a societal perspective to perform a comprehensive evaluation. Our estimates could be applicable to further evaluations of the cost-effectiveness of preventing and treating ICC and could become a tool for decision-makers in budget planning.
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